Doppler evaluation in erectile dysfunction (ED) has a significant role in determining the cause of ED. The advantages of penile Doppler and pharmacologic duplex ultrasonography include objective, minimally invasive evaluation of penile hemodynamics at a relatively low cost. Arteriogenic ED may be secondary to peripheral vascular disease and diabetes, or may be seen in association with coronary artery disease. Various parameters, such as diameter of the cavernosal artery, peak systolic flow velocity, degree of arterial dilatation and acceleration time, have been suggested for the diagnosis of arteriogenic ED, but peak systolic flow velocity is the most accurate indicator of arterial disease. This second part of the review article describes the various causes of ED and the interpretation and evaluation of color flow Doppler examination in ED.
Introduction
Doppler evaluation in erectile dysfunction (ED) has a significant role in determining the cause of ED. The first part of the article discussed the basic and specific evaluation in ED, the sonographic penile anatomy and the sonographic technique and also described the normal phases of erection. This second part of the article will discuss the interpretation and evaluation of the color flow Doppler examination in ED.
Evaluation of the results
Arteriogenic erectile dysfunction Arteriogenic ED may be secondary to peripheral vascular disease and diabetes or may be seen in association with coronary artery disease. Various parameters, such as diameter of the cavernosal artery, peak systolic flow velocity, degree of arterial dilatation and acceleration time, have been suggested for the diagnosis of arteriogenic ED, but peak systolic flow velocity is the most accurate indicator of arterial disease. The average peak systolic velocity (PSV) after cavernosal injection of vasoactive agents in normal volunteers has been found to be 30-40 cm/s. Arterial insufficiency is diagnosed when PSV are less than 25 cm/s (Figure 1 ). The angiographic correlation has shown that a velocity threshold of 25 cm/s has 92% accuracy in the diagnosis of arterial integrity.
Secondary diagnostic criteria for arteriogenic ED include asymmetry of 410 cm/s in PSV, an increase in the diameter of the cavernosal artery by 75% postintracavernosal injection, focal stenosis in the cavernosal artery and retrograde arterial flow. These criteria are used when the PSV is in the borderline range. Spectral Doppler analysis of the cavernosal artery in the flaccid penis is a non-invasive method to assess arterial disease and has been reported to have the best accuracy for predicting arterial insufficiency using the cutoff PSV value of 10 cm/s in the cavernosal artery.
ultrasound can be made only if a patient had normal arterial function, that is, normal PSV. Adequate arterial inflow, a short duration erection, with persistent antegrade flow of 45 cm/s (angle corrected) throughout all phases is suggestive of venous leak 2 ( Figure 2 ). Venous ED can be further evaluated by using cavernosography and cavernosometry. The demonstration of early blood flow and persistence of flow in the dorsal vein reflects veno-occlusive insufficiency. This has an 80% sensitivity and 100% specificity for venous leakage at dynamic infusion cavernosography and cavernosometry.
Normal deep dorsal vein velocity is less than 3 cm/s. Moderately increased is 10-20 cm/s and markedly increased when higher than 20 cm/s. 3 Resistive index is another criterion used to diagnose venous leak. At 20 min post-pharmacostimulation, RI of o0.75 is associated with venous leak in 95% of patients, and RI40.9 is associated with normal results in 90%.
While assessing for venous incompetence in young patient's, intracavernosal phentolamine is recommended because of their sub-optimal response to prostaglandin E1 injection secondary to increased sympathetic neuronal activity. Phentolamine is an alpha-adrenergic receptor antagonist and so it blocks the increased sympathetic neuronal activity resulting in significant increases in grade of erection and PSV and a decrease in end-diastolic velocity. Alternatively, a rubber band can be placed at the base of the penis in order to occlude the dorsal vein leading to a decrease in PSV in the dorsal vein and a longer period of erection; indirectly suggestive of VED. 4 
Indeterminate results (mixed)
When arterial inflow is normal but the erectile response is poor and there is antegrade diastolic flow throughout the examination, this is called an indeterminate result or a mixed arterial and venous ED. The diagnosis of mixed arterial and venous ED cannot be made using duplex Doppler sonography because venous competence cannot be assessed in a patient with arterial insufficiency.
Peyronie's disease
Peyronie's disease is a localized connective tissue disorder of the penis involving the tunica albuginea and erectile tissue and is characterized by the formation of fibrous tissue plaques within the tunica albuginea, causing the penis to angulate towards the inelastic scar tissue on erection. 5 Peyronie's disease is caused owing to many different factors, however, trauma to the erect or semierect penis is the primary initiating factor of plaque formation. Patients present with painful erection, penile deformity and palpable plaques in the penis.
Ultrasonography has a role in the evaluation of Peyronie's disease and it may demonstrate the presence and extent of fibrotic plaques and calcification. Sonographic findings include hyperechoic thickening of the tunica albuginea with or without calcification ( Figure 3 ). Power Doppler sonography can reveal hyperperfusion around the plaques as a sign of inflammation in the active state of the disease.
It is well recognized that many men with Peyronie's disease have coexistent ED, and the pathophysiological factors include both arteriogenic inadequacy and veno-occlusive dysfunction, in addition to psychogenic factors and issues relating to the deformity itself. If a man with Peyronie's disease has a normal erection, then either a plication or a grafting procedure is undertaken, whereas in men with coexistent ED, the choices lie between a penile implant and the reconstructive procedures listed above, together with either sildenafil or 
Priapism
Priapism is a relatively uncommon condition and is defined as persistent tumescence of the penis that is unrelated to sexual desire or stimulation. Priapism is broadly classified as low-flow (ischemic) or highflow (arterial and non-ischemic). Causes of both types of priapism are listed in Table 1 .
Low-flow priapism and the associated severe decrease in venous drainage from the corpora cavernosa is a potential medical emergency and may lead to irreversible ischemic tissue changes.
High-flow priapism is typically secondary to some form of arterial trauma. Stuttering priapism refers to a condition of recurrent, intermittent, painful erections commonly seen in patients with various hemoglobinopathies. Malignant priapism occurs secondary to meatastasis of solid tumors to the penis. 6 Low-flow priapism Low-flow or ischemic priapism is a medical emergency and is the most common form of priapism and is characterized by a painful, rigid erection with the absence of cavernosal blood flow and severely acidotic corpora. The mechanism in lowflow priapism is the same as in any compartment syndrome and therefore requires decompression at the earliest in order to avoid any permanent damage to the penile structures. If left untreated for more than 24 h, severe cellular damage and widespread necrosis of the penis may occur. 7 The failure of detumescence seen in low-flow priapism may be secondary to failed alpha-adrenergic neurotransmission, endothelin deficit or inactivation of intracellular cofactors of smooth muscle contraction caused by hypoxia or hypercarbia. 8 On ultrasound, lowflow priapism usually presents with the absence of cavernosal artery blood flow or with a very highresistance flow pattern of the cavernosal artery. High-flow priapism High-flow priapism, also called non-ischemic or arterial priapism, is a relatively rare form of priapism that presents clinically as a painless erection and is typically secondary to some type of penile or perineal trauma leading to the formation of a fistula between the cavernosal artery and the lacunae in the corpus cavernosum, known as an arterial-lacunar fistula. 9 However, unlike the venoocclusive variant, high-flow priapism is not an emergency. Corporeal aspiration of oxygenated blood is confirmatory for high-flow priapism. The presentation of high-flow priapism is usually delayed after the initiating trauma because of the delay in the necrosis of the artery following trauma. Color flow Doppler ultrasound is the modality of choice for the diagnosis of high-flow priapism. Angiography is used only when a therapeutic embolization is planned.
Gray-scale ultrasound features of high-flow priapism include an irregular hypoechoic region secondary to tissue injury or distended lacunar spaces in the corpus cavernosum with well-defined margins. Color flow Doppler ultrasound reveals normal or increased flow within the cavernosal arteries and irregular flow from the artery to the cavernosal body at the site of injury suggestive of an arterial-lacunar 
Penile fracture
Penile fracture is usually caused by an exertion of external force on an erect penis resulting in a tear of the tunica albuginea and hematoma of the corporal body.
The diagnosis of penile fracture is usually clinical, although color Doppler sonography and cavernosography may be necessary in difficult cases. [10] [11] [12] Penile fracture is demonstrated on ultrasound as a break in the continuity of the tunica along with a hypo-or hyperechoic area in the corpus cavernosa with the absence of blood flow in this area of the penis ( Figure 5 ). Urethra may or may not be involved as a consequence of penile trauma. Current management favors early surgical exploration to prevent complications. Color Doppler sonography may assist in the follow-up of patients after surgical or conservative treatment.
Conclusion
A positive response to the pharmacoerection test in terms of rigidity and duration implies normal venoocclusive mechanisms, but is an inadequate discriminator of arterial diseases. A duplex ultrasound of the penile arteries should be performed to provide a better selection of therapeutic options. A peak systolic blood flow higher than 30 cm/s and an RI higher than 0.8 are generally considered normal. If the result of the color Doppler ultrasound in combination with pharmacostimulation is normal, the vascular investigation is generally completed. When it is abnormal, cavernosography, cavernosometry and arteriography should only be performed for patients who are considered potential candidates for surgical therapy. A new and potentially expanding role of penile Doppler vascular examination is the detection of silent coronary artery disease in men presenting with ED at a time when men may be motivated to be evaluated and treated. Doppler ultrasound also helps to make a diagnosis of priapism (high-flow) enabling early embolization as its treatment.
